Tellurite glass micro-superspheres (Te-µSSs) 
INTRODUCTION

Broadband amplifiers in near-infrared region are key devices for the future photonic network systems. Many attempts have been made on broadening and flattening of gain spectra of erbium ion-doped fiber amplifiers (EDFA)
. [1] [2] [3] In addition, much work has been done to expand the usable bandwidth for wavelength division multiplexing (WDM) [5] [6] [7] [8] [9] Tellurite glasses are a promising candidate for FRAs and lasers 10 because they have ∼ 30 times higher Raman gain coefficients and much larger Stokes shift than silica glass. 5, 6 It has added advantages, such as: wide transmission window, 11 good glass stability and durability, 10 high refractive index, 12 higher nonlinear optical properties 13 23 We have also confirmed the partly truncated area of the µSS which results from contact between the surface and the substrate, can be readily controlled by the composition of the glass. 27 The Q values of WGM resonances depend on sphericity, surface condition, diameter and refractive index of the microsphere. 28 The presence of truncated area suppress the Q of the µSS. 
Characterization
Thermal properties of prepared glasses were studied by a differential scanning calorimeter (Rigaku, ThermoPlus DSC 8270). About 50 mg of the finely powdered as-quenched glasses were heated in a platinum pan at a rate of 10
• C/min in the 30 -900 • C range. Glass transition temperatures (T g ), softening temperatures (T s ) and first crystallization temperatures (T x1 ) of the glasses were obtained from DSC curves. The T g and T x1 were determined from the tangent intersections of the endothermic peak and the first exothermic peak in the DSC curves, respectively. The T s were obtained from the peak temperatures of the first endothermic peak.
The obtained glass particles were observed by the scanning electron microscope (SEM) and optical microscope (OM) to obtain the particle shape (the sphericity and the contact angle of the truncated part), surface roughness, and the optical transparency. Figure 1 shows the schematic illustration of the glass droplet on a g-carbon substrate. The contact angle θ was calculated from the SEM images using the equation as follows: where r is a radius of the truncated area and R is a radius of the particle. 
where I corr is the corrected intensity, I obs is the measured intensity, ν 0 is the frequency of the excitation light, ν is the Raman shift, h is the Planck's constant, and T is the absolute temperature.
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RESULTS AND DISCUSSION
The glass transition temperature (T g ), softening temperature (T s ) and the first crystallization temperature (T x1 ) of prepared glasses are summarized in
Name
Glass composition 29, 30 
where γ s , γ L , and γ S L are the surface tension of the substrate, liquid, and the interface tension between the liquid and the substrate, respectively. From Eq. (3), larger surface tension of the glass melt increases the contact angle θ. The results shown in Fig. 4 suggest that the surface tension of the TBSN system is increased by addition of P 2 O 5 and WO 3 . Fig. 5 (b) is the top-view of the particle. All of the TBSN-4W-16P glass particles possess a smooth surface, high sphericity with large contact angle, and optical transparency. High sphericity of the particle surface shown in Fig. 5 (a) reveals that the effect of gravity to asphericity is small, and the surface tension of the melt determines the shape of the particle in the micrometer-size region. Figure 6 shows the plot of the contact angle θ against the diameter of the µSSs. θ increased with decreasing the diameter, and θ = 180
Figure 5 shows (a) OM and (b) SEM images of the TBSN-4W-16P glass particle. Figure 5 (a) is the side-view, and
• , i.e. microsphere with no truncated area, was achieved when the diameter was smaller than 40 µm. According to the Lorenz-Mie theory, a mode spacing ∆ν is known to correlate with the diameter of the microsphere d and refractive index n as follows: Fig. 7 (b 
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